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Abstract 
 
Larsson, H. 2005. Aphids and thrips: The dynamics and bio-economics of cereal pests. 
Doctoral dissertation. 
ISBN: 91-576-6918-x 
ISSN: 1652-6880 
 
The thesis investigates aphids and thrips in cereals - their biology, occurrence, economic 
damage, migration and control by integrated pest management. Experiments were carried 
out in all types of cereals in southern Sweden during the period 1978-2003. 
The main pest problem in these cereals is the aphid Sitobion avenae. It attacks wheat, the 
most valuable crop and the second in acreage. A crop loss model is presented based on 
average annual yield loss in field experiments in high yielding varieties. The most serious 
thrips pests are Limothrips cerealium and L. denticornis. Other thrips such as Haplothrips 
aculeatus,  Stenothrips graminum,  Thrips angusticeps and Frankliniella tenuicornis are 
minor pests not causing serious damage to cereals but occurring practically every year.  
Yield loss and economic injury levels were estimated for S. avenae, Rhopalosiphum padi, 
L. denticornis, L. cerealium and S. graminum. Grain quality parameters such as protein 
content, germination rate and mycotoxin concentrations in crops attacked by aphids and 
thrips were generally not decreased in a way that affected the price of the product. 
The compensation ability of cereals against aphids and thrips is considerable, probably 
because of the high number of tillers and the fact that the pests generally do not directly 
attack the grains.  
Warning and forecasting are essential within integrated pest management, and knowledge 
about the effect of weather on different pests is important, particularly in southern Sweden 
where several pests are on the northern limit of their geographical range. Weather is 
particularly important for L. cerealium and S. avenae. Investigations on the spatio-temporal 
dynamics of thrips in cereal crops during a single year revealed that many thrips species 
interact with acreage of the different cereals grown. The strong flyers, L. cerealium and L. 
denticornis, are specialised on cereals and their two generations provide the best 
possibilities to utilise different crops in the landscape. Populations of grain aphids were 
kept around a certain number, probably by natural predators, with aphid years followed by 
low populations, the so-called density dependence. Protection of these natural enemies 
through reduced application of pesticides in cereals might make the production more 
sustainable.  
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 Introduction 
 
Objectives 
 
The studies presented in this thesis had the following specific objectives: 
To study the biology and dynamics of cereal thrips 
To present economic injury levels and economic thresholds for the different 
species 
To investigate the influence of weather on population dynamics 
To evaluate an integrated pest management approach for cereal pests 
 
Cereals 
 
The acreage of cereals varied between 1.5-1.7 M ha in Sweden in the period 1870 
to 1980, but since 2000 it has declined to approx. 1.1-1.2 M ha (SCB, 2005). 
However the distribution has shifted between the different cereals, as wheat, rye, 
barley, oats and triticale have all had their great periods. Rye was grown on about 
850 000 ha between 1870 and 1920, oats on around 1.5 M ha up to 1945, wheat 
reached its greatest acreage around 1940 with 700 000 ha and barley was grown 
on about 900 000 ha in 1980 (Morell, 2001; Flygare & Isacson, 2003). The highest 
acreage of triticale was 45 000 ha. Because of the great acreage cropped with 
cereals, policies chosen for cereal pest management are of high importance. 
Cereals are annual plants and are thereby available for exploitation by pests for 
only a very short period, particularly spring-sown cereals. The rate at which the 
pest population increases depends on weather, plant quality, plant resistance and 
the activity of natural enemies (Dixon, 1989). 
 
Insects and pests 
 
In agronomy, an insect is classified as a pest if the damage it causes to a crop is 
sufficient to reduce the yield or the quality of the harvested product by an amount 
that is unacceptable to the farmer (Dent, 2000). Injury is the effect of pest 
activities on host physiology, which is usually deleterious, while damage is a 
measurable loss host yield quantity or quality (Pedigo, 1999). Cereals have been 
important in agriculture ever since Man started to cultivate crops. Simultaneously 
with crop development, a range of insects and pests belonging to different groups 
have developed and can attack the various crops. Aphids and thrips are among the 
most numerous of the attacking insects, although the aphids were not treated with 
insecticides until the late 1970s and thrips not until the late 1980s. Expected losses 
from different levels of pest attack were not investigated in detail until the 1980s. 
The direct effect of cereal aphids on cereal yields were investigated in USA in the 
early 1960s (Wood, 1965) but in Europe similar investigations were not carried 
out until 1968, after severe outbreaks of the grain aphid (Fletcher & Bardner, 
1969; Kolbe, 1969). 
To investigate the yield loss caused by aphids and thrips in cereals 
7Some authors suggest that the cereal aphid problem has increased because of 
changes in agricultural practices (Baranyovits, 1972).  
 
 
 
Pests investigated 
 
Aphids  
Cereal aphids cause direct injury by feeding on plants, but they also transmit 
barley yellow dwarf virus (BYDV). In Sweden, three species of cereal aphids 
exist: Sitobion avenae,  Rhopalosiphum padi and Metopolophium  dirhodum. 
BYDV is mostly a problem in oats, with the virus transmitted by R. padi. In 
contrast to other parts of Europe, BYDV is not spread in Sweden by S. avenae 
migrating to winter wheat in autumn.  
The different species of cereal aphids have life cycles of varying degrees of 
complexity, e.g. S. avenae uses grasses as a single host (autoecious) species. The 
overwintering eggs are laid on grasses and cereals and there is no migration to a 
separate winter host plant. In milder climates, the summer form can overwinter 
successfully on grasses or cereals but that is hardly the case in Sweden. R. padi 
and M. dirhodum are host-alternating (heteroecious) species (Carter et al., 1980).   
 
Thrips 
Damage by thrips takes the form of white or silvery marks on leaves and ears 
caused by the cell contents being sucked out. Severe thrips feeding can result in 
withering of the shoot and shrivelling of the grain (Lewis, 1973). In Sweden, the 
abundance of thrips species in cereals was first studied by Johansson (1938). He 
worked with sweep-netting and in wheat he found Limothrips cerealium, 
Limothrips denticornis,  Haplothrips aculeatus,  Thrips  (probably  angusticeps), 
Frankliniella tenuicornis and Anaphothrips obscurus. In southern Sweden, all the 
above-mentioned types of thrips were found while in central Sweden F. 
tenuicornis dominated, with H. aculeatus in second place. L. cerealium was not 
found in central Sweden and. S. graminum in oats was only found in Scania. 
Studies on thrips in Finland were carried out during 1960-1969 by Köppä (1970). 
He investigated the biology and abundance of the most important species of thrips 
living on cereals in Finland (L. denticornis, H. aculeatus, F. tenuicornis and A. 
obscurus). In the Netherlands, the cereal thrips species were studied in detail by 
Franssen & Huisman (1958) and Franssen & Mantel (1963, 1965). Species 
damaging cereals in the Netherlands included L. cerealium,  L. denticornis,  H. 
aculeatus, S. graminum and  T. angusticeps. In Germany, Holtmann (1963) 
investigated the biology of cereal thrips and found the same species as in the 
Netherlands. F. tenuicornis and A. obscurus were found only in small numbers. 
Later Lattauske & Wetzel (1985) investigated the abundance dynamics of cereal 
thrips with sweep netting and also systematic sampling of plants. They found L. 
cerealium, L. denticornis and T. angusticeps dominating in winter wheat, winter 
rye and winter and summer barley. 
Below, the life cycles of the different thrips species found in southern Sweden are 
briefly described. 
 
8Limothrips cerealium 
L. cerealium hibernates beneath the bark of trees, in houses, in hollow stems of 
herbaceous plants, etc. It lives in the ears of cereals. Rye is the most important 
host plant for the first generation and oats for the second. The most important 
factor regulating the population density is the winter weather. Winters with the 
coldest monthly temperature < -1 
oC kill the insect (Lewis, 1973). 
 
Limothrips denticornis 
The females hibernate in grasses and mosses. It lives in the leaf sheaths of cereals. 
The first generation lives on winter cereals and when rye is infested, the first 
specimens of the new generation emerge from mid-June onwards. From infested 
wheat the new generation emerges a couple of weeks later. The second generation 
lives mainly on spring barley (Köppä, 1970). 
 
Haplothrips aculeatus 
H. aculeatus is the latest species to lay eggs and has only one generation. The 
adults hibernate in grasses and mosses. In winter cereals H. aculeatus  h a s  a  
preference for rye and in spring cereals it prefers spring wheat (Köppä, 1970).  
 
Stenothrips graminum 
S. graminum has only one generation. The larvae fall to the ground and develop to 
adults, which hibernate in the soil for one or two winters. After the soil 
temperature has risen to 13.5 
oC at 30 cm depth, the adults begin to emerge from 
the ground. The adults prefer oats and the larvae feed in the panicles (Franssen & 
Mantel, 1965). 
 
Thrips angusticeps 
T. angusticeps has a brachypterous (wingless) and a macropterus (winged) 
generation. Brachypterous thrips hibernate once or twice in the soil as uncoloured 
mature insects. They infest sugarbeet, rape and all cereals except oats. 
Macropterous thrips have a pronounced preference for flax and to a lesser degree 
for barley, wheat, rye and peas. From these crops the larvae infest the soil with 
brachypterous thrips. In rainy and cool summers, the infestation with 
brachypterous thrips can be 90% lower than in dry and hot ones (Franssen & 
Huisman, 1958). 
 
Frankliniella tenuicornis  
F. tenuicornis is mainly found in rye. The first adults of the new generation appear 
at the end of May from grasses. The great majority of these migrate to spring 
cereals (Köppä, 1970). 
 
Anaphothrips obscurus  
A. obscurus is found in abundance on oats but the first generation is found on 
winter cereals and leys. Eggs are laid on the leaves (Köppä, 1970).   
 
 
9Yield loss assessment 
 
Decisions in pest management are based on the economic threshold, which 
depends on the relationship between crop yield and pest infestation (Walker, 
1983). In order to determine economic thresholds and relate pest attacks to 
differences in yield, different levels of pest attack must be obtained. Applications 
of pesticides at different concentrations and times in the same trial can be used to 
obtain different levels of attack. The other option to obtain variation in levels of 
attack is to use data covering results from several years. Variation in yield due to 
other factors, such as climate or soil differences, is often of high importance. 
Furthermore, complex attacks by a range of pests are often found and 
distinguishing the effects of individual pest species is difficult (Walker, 1983).  
Assessing crop losses due to pests is important in making decisions about pest 
management based on costs and benefits and in allocating resources to the most 
important pests. The crop consists of a group of plants and each individual plant is 
a plastic, dynamic system in which pests reduce the uptake of nutrients or water, 
reduce photosynthesis and interrupt transport within the plant to stores or 
reproductive parts. The plant can partly compensate for any loss by increased 
activity, changes in leaf area or shoot growth. Such compensation can be one of 
the reasons for the success of cereals as crops (Walker, 1983). 
Decisions in plant protection on whether to apply pesticides or not require 
quantified data on the effect on crops and surroundings. Yield benefits are 
quantified and compared to the costs, both in terms of money but also the social 
and environmental benefits and costs, such as the effect of pests and pesticides on 
human and animal health, and on wildlife (Pedigo, 1999). 
 
Weather influences on insects 
 
Temperature markedly increases the proliferation rate of many cereal pests and 
temperature is often seen as the most important factor for pest population 
development (Acreman & Dixon, 1989; Wennergren & Landin, 1993). Adaptation 
to high temperatures has been observed within cereal aphids (Asin & Pons, 2001). 
For example, drought stress can increase the population development of S. avenae 
(Honek, 1991; Pons, Comas & Albajes, 1993; Pons & Tatchell, 1995), mainly 
through the effect of drought on host plant phenology and quality. 
The optimum temperature for reproduction and development is 20 
oC for pests 
such as S. avenae and M. dirhodum. Temperature changes affect not only the pest 
but also its host plant and natural enemies, e.g. low temperatures can reduce aphid 
population growth but simultaneously the low temperature reduces the number of 
natural enemies and the aphids can thereby reach similar densities in hot and cold 
years (Skirvin, Perry & Harrington, 1997). Rainfall and wind are also often 
reported as being of importance for pest densities (Pierre & Dedryvér, 1985).  
Pest attacks fluctuate widely from year to year because of changes in the weather 
pattern and because of the activity of naturally occurring parasitoids and predators. 
Carabids, ladybirds, hoverflies, lace wings and earwigs are examples of effective 
predators of cereal aphids. The farmer can help beneficial organisms by using 
insecticides as sparingly as possible and e.g. by choosing specific aphicides such 
as pirimicarb (Oakley et al., 1996). 
10 
Natural enemies and diseases 
 
Natural enemies of a pest might be able to suppress the increase of that pest and 
thereby decrease the likelihood of the pest attaining damaging population levels. 
As a result of the close relationship between a pest and its natural enemies, 
outbreaks of e.g. cereal aphids have often been followed by swarms of hoverflies 
and ladybirds so abundant that they drive holidaymakers off beaches (Carter et al., 
1980). 
The more diverse the arthropod fauna, the lower the likelihood of an aphid 
outbreak. The consumption of aphids by polyphagous predators early in the season 
can have a significant effect in reducing peak aphid abundance (Dixon, 1989). 
Although the factors that affect the colonisation and population build-up of aphids 
are known, it has proven difficult to quantify their overall effect on aphid increase. 
The complexity of the system with the factors host quality, weather and natural 
enemies, the number of species and interactions is amazing (Dixon, 1989). 
Many surveys have proven the importance and role of predators (generalist 
predators, syrphids, coccinellids, staphylinids) and parasitoids in controlling the 
populations of cereal pests such as aphids (Dean, 1974; Wetzel, Ghanim & Freier, 
1981; Holmes, 1984; Elliott, Kieckhefer & Beck, 2000; Sigsgaard, 2002; Schmidt 
et al., 2003; Legrand et al., 2004). Funderburk, Stavisky & Olson (2000) showed 
that populations of Orius spp. (Heteroptera, Anthocoridae) are effective predators 
of thrips in field peppers. Several models have also been presented describing 
population dynamics of e.g. S. avenae and predators and parasitoids (Vorley & 
Wratten, 1985; Freier, Triltsch & Rossberg, 1996; Skirvin, Perry & Harrington, 
1997; Plantegenest et al., 2001). 
However, the small size of thrips and their claustral habits make it difficult to 
directly investigate the reasons for changes in population size. Furthermore, 
agricultural crops provide new opportunities for quick colonisation and 
establishment of large populations of opportunistic thrips. That might be the 
reason for several authors concluding that natural enemies are of no importance 
for thrips density (Parrella & Lewis, 1997, Loomans & Greene, 1997). The latter 
findings have led to speculation about population attributes of thrips outstripping 
the capacities of natural enemies to suppress populations (Mound, 1997). 
However, demonstrations of the impact of various parasites and predators on 
thrips have now meant that density dependence is also accepted for thrips 
(Funderburk, 2002). 
Pest diseases might be an interesting concept in pest management, especially for 
pests such as thrips because they live in enclosed areas on the plant, such as leaf 
sheaths and spikes. Entomopathogenic fungi can therefore be applied to control 
pests living in humid microclimates (Gillespie & Claydon, 1989). The natural 
occurrence of such fungi has been determined in e.g. Denmark (Nielsen et al., 
1996). 
 
Integrated control and integrated pest management 
 
Integrated pest management (IPM) is essentially a holistic approach to pest control 
that seeks to optimise the use of a combination of methods to manage a whole 
11spectrum of pests within a particular cropping system (Dent, 2000). This is 
possible by the integration of all available control mechanisms, such as cultural 
practices, host plant resistance and chemical control, together with the natural 
regulating factors of the environment. 
When pollution of the environment through pesticides became well documented in 
the 1970s, the public interest in IPM increased. The pesticide residues found in 
groundwater generated serious concern as they indicated that not only the 
biological environment of flora and fauna, but also the physical environment was 
affected beyond acceptable levels. The change in attitudes included farmers asking 
for alternatives, Ministries of the Environment and agriculture moving to decrease 
the use of chemical pesticides and consumers demanding products with minimum 
chemical inputs (Lenteren, Minks & de Ponti, 1991). 
Cereal production shows a general trend towards higher yields and an 
intensification of plant protection treatments. Modern varieties are grown with 
higher nitrogen inputs than older varieties and as a consequence more pesticides 
are used. Comparisons of high and low input production systems for wheat have 
shown that the economic net outcome of both systems is equal. However, an 
integrated use of pesticides must be based on the application of economic 
thresholds. Forecasting and prognosis of pest attacks are also helpful tools in 
achieving a more efficient use of insecticides (Bigler, Forrer & Fried, 1991). 
Strategic, tactical and policy models are helpful tools in IPM and are distinguished 
primarily in terms of the geographical scale and time span over which they operate 
(Conway, 1984). Strategic models provide more general guidelines and principles 
that are applicable over a wide range of circumstances. They determine the relative 
reliance that should be placed on different control options in IPM, such as 
pesticides, biological control, cultural control or resistance. The main effect of 
strategic models is on the approaches and attitudes of the decision-makers who 
have to deal with pests or pathogens (Conway, 1984).  
Tactical models aim to offer advice on the day-to-day management of a particular 
crop in a specific field. Typically they are used as an aid for farmers in decision-
making about insect pest management, usually for advice on whether an 
insecticide should be applied to the crop. The model and output information have 
to be highly reliable. The data required to establish and verify the predictive 
relationship have to be based on laborious, detailed and lengthy field experiments. 
An example of a tactical model is EPIPRE, which has been used for monitoring 
and forecasting of cereal aphids (Rabbinge & Carter, 1984). 
National policy is determined primarily by decision-makers at national level and 
policy models are used to weigh the costs and benefits in pest and pathogen 
control. Scientists need to become involved in the decision-making and policy-
making processes of major institutions and government organisations, e.g. by 
evaluating the long-term implications of persistent insecticide use or the use of 
high input agricultural techniques in developing countries (Conway, 1984).  
 
Forecasting and prognosis 
 
The abundance and distribution of pests varies greatly between years (Freier & 
Wetzel, 1984; Wiktelius & Ekbom, 1985). Forecasting is the best available 
strategy when the pests are of occasional importance (Watt, 1983). The ideal 
forecasting system is one that avoids time-consuming crop inspections, that is 
12based on remote monitoring or rapid observations and that makes accurate 
predictions early in the year. The most reliable aphid forecasting tool in England 
has been the number of aphids caught in local suction traps before the end of ear 
emergence (Entwistle & Dixon, 1986). Useful information about cereal aphids in 
both Europe and Sweden has been provided by suction trap surveys (Taylor, 1986; 
Sigvald, 1997). For S. avenae no significant correlation between autumn migration 
and the following spring migration has been found. In Scania, a significant 
correlation has been found between spring migration catches in the suction trap 
and the population found later in the field (Sigvald, 1997). 
However, outbreaks often fail to develop despite large spring migrations. The 
simplest explanation for smaller outbreaks than expected is that large aphid 
populations present early in crops allow natural enemies to feed and increase 
numerically and these natural enemies subsequently prevent the aphids from 
increasing (Prew et al., 1985). If a more rational system for control is to be 
developed, it has to be based on systematic long-term measurements that are not 
discontinued each time there is a decline in the level of infestation of a particular 
pest species (Taylor, 1977). 
Population dynamics of cereal aphids and methods of predicting population trends 
have been investigated since the 1970s (Rautapää, 1976). Investigations often take 
into account natural enemies (Freier, Mattes & Wetzel, 1982; Entwistle & Dixon 
1989). 
Decision models with uncertainty analysis have been proposed (Rossing, Daamen 
& Jansen, 1994; Peterson & Hunt 2002). Validation of models that predict the 
peak density of grain aphids and the yield loss has been carried out by Carter et al. 
(1989a). The effectiveness of early spraying was overestimated because of 
overestimation of the persistence of insecticide effects. 
In Denmark, a decision system for S. avenae has been developed based on several 
models (Hansen, 2003). The first part is a migration model based on the 
temperature in April and May and the rain in May, leading to information about 
when population growth will begin in the fields. A count of aphids has to be 
carried out in the field 7-10 days after the warning obtained from the migration 
model. The aphid count is used for the further calculations within the model. By 
using an economic threshold model, it can be calculated whether it will be 
necessary to spray the field. 
 
What are dynamics? 
 
Why do pests become extremely abundant one year and then apparently disappear 
a few years later? The reasons are twofold: Firstly, because of exogenous 
perturbations like fluctuations in weather and fluctuations in food; secondly, 
because of mechanisms that involve population density feedbacks like natural 
enemies. Population dynamics are the study of how and why population numbers 
change in time and space. Temporal population dynamics are most studied but 
spatio-temporal dynamics of populations are more complex. Mono-factorial 
(single-mechanism) explanations do not work in complex population dynamics 
because one mechanism causes the oscillations and another prevents the first from 
diverging (first and second order mechanisms). The first order mechanism is food 
quantity and the overwhelming majority of examples of second-order population 
13oscillations in nature are explained by the mechanism of specialist predation 
(including parasitoids), with a few additional cases involving other kinds of 
trophic interaction (food and parasites) (Turchin, 2003). Climate usually accounts 
for less than 30% of variance in insect population dynamics in natural ecosystems. 
 
What are bio-economics? 
 
The subject of bio-economic theory is the optimal management of renewable 
biological resources (Allen et al., 1984). Initial bio-economic models in fisheries 
used the concept of maximum sustainable yield, which implies a stable 
equilibrium. However, natural populations often have non-equilibrium dynamics, 
such as limit cycles or chaos (Turchin & Taylor, 1997). Economic assessment of 
these transition processes requires incorporation of discount rates into the cost-
benefit analysis. Bio-economic theory has been applied to pest management, but in 
most cases only short-term revenues have been considered (Stern, 1975; Pedigo, 
1996). 
Most optimisation models in pest management concentrate on maximising the 
difference between benefits and costs in the same year and e.g. side effects of 
large-scale pesticide treatments are ignored in cost-benefit analyses (Shoemaker & 
Onstad, 1983). 
Apart from the fixed costs associated with crop production, there are variable costs 
associated with controlling pests. If pesticides disturb the ecological system, the 
application of pesticides can increase the need for future applications. The 
management problem is to specify the timing and application of pesticides while 
balancing the control cost and crop damage so as to maximise the current value of 
the net profit per hectare. The net income over a number of years is dependent on 
the planning horizon and should be optimised. Taking social aspects into 
consideration generally implies a lower discount rate and a longer planning 
horizon than for an individual farmer (Stenseth et al., 2003). A bio-economic 
model incorporating basic ecological principles provides a valuable framework for 
pest management systems, which takes into account both ecology and economics. 
The ability to predict outbreaks of pest populations is therefore critical (Pedigo, 
1999). 
 
 
14Materials and methods 
 
Field experiments with pesticides 
 
Aphids and thrips were investigated in cereal field experiments during the period 
1978-2003. Approximately 350 trials were carried out in wheat, rye, barley, 
triticale and oats. 
Field experiments are costly and may take many years to complete. It is important 
that they are carried out in arable fields in order to study normal populations 
representative of normal practical conditions. The field plot experiments were 
designed to resemble actual farm fields. Aphids and thrips are quite sessile insects 
once they have established in the crop, so plots of 4 x 15 m
2 were considered 
sufficient to prevent interplot migration having an influence on the results. When 
pirimicarb was used, guard zones were established between the plots to protect 
neighbouring plots from the influence of pesticide drift. 
Experimental field trials involve the use of properly randomised and replicated 
procedures, associated with adequately sized plots and the reduction of inter-plot 
effects. The experimental design used here was a completely randomised block 
design. The coefficient of variation for individual experiments was normally very 
low, indicating high quality of the experiments. 
Insecticides were used to provide a range of infestation levels, or simply in order 
to get an attacked and/or unattacked level, and crop yields were measured. 
Different degrees of pest attack were obtained by applying pesticides at different 
concentrations, times or of different types in randomised blocks. The most 
effective insecticide for aphids was fenvalerate and for thrips cypermethrin. The 
assumption was that the pyrethroids neither stimulated the growth nor reduced the 
yield of the cereals. A risk might be that insects were repelled from the treated 
plots and increased the populations in untreated plots. This would result in higher 
populations in untreated plots than in the whole field, but it should not disturb the 
yield loss relationship.  
 
Assessments of pest numbers and injury 
Aphid and thrips densities were assessed in all field experiments. The different 
aphid species found in the plots were counted from early infestation until the 
population began to decline. For L. denticornis, samples of plants were collected 
and examined in the laboratory for the presence of eggs, larvae, prepupae, pupae 
and adults. For the injury, estimates were made both for the leaf sheath and the 
damage on the flag leaf.  
The turpentine extraction method modified after Lewis (1960) was the first step in 
sampling and analysing an enormous amount of ears and panicles for thrips. About 
60 extractors of 1.5 litre volume were used. Ten ears or panicles were placed in 
each extractor, turpentine was applied to the lid and the insects left the plants and 
fell down into the alcohol pot. The plants were left for two hours in the extractor. 
The method worked well for larvae and adults but not for thrips pupae. The 
migration of thrips was examined between fields with water traps and the flight 
15activities higher up in the air with suction traps. White water traps were placed just 
above the vegetation to detect flight activity of thrips (Lewis, 1959). A suction 
trap (12 m high) used for sampling the migration of aphids in Sweden is situated 
close to the studied area in Alnarp and was used also to study thrips migration 
(Sigvald & Gustafsson, 1993). 
Most experiments in the present thesis were infested with both aphids and thrips 
and often with several species of each group. To evaluate the results from the field 
experiments it was necessary to analyse the yield loss relationship with multiple 
regression, always assuming that there was no loss without insects and that the 
insecticide in itself was not increasing or decreasing yield.  
16Outline of the thesis 
 
Both aphids and thrips can be important pests in modern cereal crops. To 
successfully forecast and control the pests, knowledge of the dynamics caused by 
weather and biotic influences, such as parasitoids, predators and diseases of the 
pest, and of the damage thresholds for the pests is important. This thesis comprises 
investigations on density-independent weather influences, migration, biocontrol 
and economic thresholds for the pests in cereals. 
 
In Paper I, a crop loss model and dynamic economic thresholds for different 
expected yield levels and different growth stages were proposed for the grain 
aphid Sitobion avenae in winter wheat.  
 
In Paper II, the damage by Limothrips denticornis in rye, triticale and winter 
barley was investigated. The yield loss was estimated for L. denticornis alone and 
together with aphids and thrips in the ears. 
 
In Paper III, the influence of weather on Sitobion avenae was modelled with 
multiple regression. Critical weather periods in the 14-month period preceding the 
population peak could explain a major part of the population fluctuations. The 
aphid population had periodic density-dependent dynamics, resulting in low 
populations after high population peaks. 
 
In Paper IV, the migration of thrips species between cereal crops was investigated. 
Terrestrial and aerial populations of the dominating cereal thrips species 
Limothrips cerealium,  L. denticornis,  Haplothrips aculeatus, Stenothrips 
graminum, Thrips angusticeps, Frankliniella tenuicornis and Anaphothrips 
obscurus were studied simultaneously on winter and spring cereals. 
 
In Paper V, the possibility of using the fungus Verticillium lecanii in integrated 
control of thrips and aphids was investigated. Low doses of insecticide and 
irrigation together with the fungus could limit the population of Limothrips 
denticornis and also of aphids. 
 
 
 
 
17Results and discussion, survey of Papers I to V 
 
The yield loss relationship 
 
The primary aim of a yield loss assessment is to determine the type of relationship 
that may exist between pest infestation and yield loss. In this thesis the yield loss 
relationship was investigated in Paper I (S. avenae) and Paper II (L. denticornis). 
The yield loss caused by S. avenae was 40 kg ha
-1 for each insect per tiller (Paper 
I) and was found to be the highest among the aphid species (Table 1). Among the 
thrips species, L. denticornis was found to give the highest yield loss (Table 1), 
with 21 kg ha
-1 for each insect per tiller.  
The intensity of pest attack can be described as the product of three factors - the 
numbers of the pest present, their developmental stage and the duration of the pest 
attack (Dent, 2000). The experimental approach here was to obtain a relationship 
between infestation and yield with the help of insecticide field experiments. The 
response of the plant to damage falls into three main categories. The first type of 
response (susceptive response) is typical of insects that cause direct damage, 
where the yield declines in direct proportion to the number of insects present. The 
second response (tolerant response) is typical of insects feeding on the plant 
foliage where a certain level of damage can be tolerated before yield is affected. 
Above the threshold level of damage, yield declines rapidly with increasing insect 
density. In the third response (the over-compensatory response), the plant reacts to 
the presence of damage in such a way that yield is actually increased above that 
which would have been achieved in the absence of the pest. This response is 
usually limited to early infestations and low levels of damage, so that damage 
greater than that causing over-compensation reduces crop yield (Dent, 2000). The 
latter type of response is probably not present in cereals, even if the tolerance of 
wheat plants to aphids can be very high, as has been shown for wheat grown under 
optimal conditions in growth chambers (Moewes, Freier & Heimann, 1997). In 
Figure 1, the yield loss model for S. avenae in wheat is compared with a general 
yield loss model for pests that destroy and threaten the whole yield, i.e. pollen 
beetles (Nilsson, 1994). In field experiments, small yield increases are difficult to 
determine because the LSD 5% is about 200-300 kg ha
-1 (Papers I, II). Thus the 
loss that is measurable is larger than 200 kg ha
-1 and therefore it is impossible to 
show in a single trial whether the wheat can compensate for low pest densities. 
However, in the present study the yield loss at high densities of S. avenae 
increased slowly compared to the yield loss in the model for pollen beetles. A high 
infestation of pollen beetles in oilseed rape can reduce the yield by 80% (Nilsson, 
1994) while a high infestation of S. avenae in wheat only reduces the yield by 
10% (Paper I). The comparatively low yield loss caused by S. avenae at high 
densities is probably a result of intraspecific competition between the aphids, but 
might also be due to compensation by the wheat (Walker, 1983). The high number 
of tillers in cereals and the aggregation of aphids always make it possible for low 
infested tillers to compensate their attacked neighbours. 
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Figure 1. Yield loss relationship for S. avenae compared with a yield loss 
relationship for pollen beetle in oilseed rape. A high beetle infestation in oilseed 
rape can reduce the yield by 80% but a high aphid infestation in wheat only 
reduces the yield by 10%.  
 
 
Economic injury levels  
 
The economic injury level (EIL) is governed by five primary variables: cost of the 
management tactic (C), market value (V), injury units per pest (I), damage per 
injury unit (D) and proportional reduction of pest impact (K). The relationship of 
these variables to the EIL is (Pedigo 1999): 
 
EIL= C/ (V*I*D*K)  
 
An environmental EIL focuses on environmental issues and incorporates 
environmentally sound actions. Activities to support greater environmental 
responsiveness in the EIL include accounting for environmental costs, reducing 
damage per injury by increasing plant tolerance and reducing pesticide application 
rates (Pedigo, 1996). The use of objective economic thresholds has an important 
impact on environmental quality, particularly in crops where it is the basis for IPM 
by decreasing the frequency of application (Pedigo, 1996). Higley & Wintersteen 
(1992) estimated the level of risk posed by different insecticides to environmental 
components such as surface waters and groundwater, aquatic organisms, birds and 
beneficial insects and to human health. Producers were then asked how much they 
would pay to avoid risks from insecticides and these environmental costs often 
doubled the EIL. An environmental charge of 200 SEK ha
-1 for insecticide 
applications would increase the EIL so much that treatments would only have to 
be applied during aphid years (Larsson, 1991b). 
Preliminary economic thresholds for S. avenae and R. padi have been estimated 
since 1986 (Larsson, 1986), but were established more accurately in the present 
19work (for S. avenae in Paper I and for R. padi in Table 1). The economic 
thresholds determined here for S. avenae and R. padi were found to be 7 and 8 
aphids per tiller, respectively (Paper I and Table I). An economic threshold for L. 
denticornis of 15 thrips per tiller was also established here (Paper II), as were 
economic thresholds for L. cerealium and S. graminum (Table 1). Other species 
such as H. aculeatus, T. angusticeps, F. tenuicornis and A. obscurus has not been 
proven to cause significant damage in cereals. However, thrips in the ears together 
with aphids can contribute to economic damage (Paper II).  
The brachypterous generation of T. angusticeps is able to kill seedlings of flax, 
sugarbeet and barley (Franssen & Huisman, 1958), while F. tenuicornis (Köppä, 
1970) and A. obscurus (Hewitt, 1914) have been reported to cause heavy damage 
in barley and oats, respectively. If sufficiently high population levels are reached, 
all thrips species are potential pests, but cereals can in most cases tolerate these 
three thrips species living on the foliage. 
 
Table 1. Yield losses and economic injury levels estimated for the most important 
pests in cereals 
 
Crop 
Yield loss***,  
 kg ha
-1 for  
each insect 
per tiller 
Confidence 
interval 
Economic 
injury 
level***, 
insects per 
tiller 
Sitobion avenae  Winter 
wheat  40   7 
Rhopalosiphum 
padi 
Barley, oats  35   8 
Limothrips 
denticornis 
Rye, triticale  21   15 
*Limothrips 
cerealium 
Winter 
wheat  8 3-14  35 
**Stenothrips 
graminum 
Oats  7 1-12  43 
Haplothrips, 
Thrips angusticeps 
Frankliniella,  
Anaphothrips.  
Wheat, 
triticale 
Not significant     
*12 experiments in wheat, multiple regression of mixed aphid and thrips 
populations 
**16 experiments in oats, multiple regression of mixed aphid and thrips 
populations 
*** yield losses and economic injury levels calculated as described in Papers 
I and II 
 
 
M. dirhodum has been an increasing pest problem in wheat in Europe and is the 
subject of several studies (Cannon, 1986; Holt, Griffiths & Wratten, 1984; 
Howard & Dixon, 1992). Early maturation in winter barley provides some 
resistance to M. dirhodum (Howard & Dixon, 1995). In Sweden, very few years 
20have populations high enough for economic damage, but the results from years 
with high populations of M. dirhodum indicate that the damage can be comparable 
with the damage of S. avenae. 
The most damaging species of aphids and thrips thus attack vital parts of the cereal 
plant, e.g. S. avenae, L. cerealium and S. graminum attack the ears and panicles 
and L. denticornis the leaf sheaths. 
Extending the economic injury level concept to multiple species requires 
consideration of host plant responses to injury. A central requirement is that 
injuries caused by the different species produce a homogeneous physiological 
response in the plant, which is probably the case for aphids and thrips. The most 
appropriate approach for establishing common ground is to quantify injury per 
individual for each different species (Dosdall, 2004). The next step is to estimate 
the regression between injury and yield loss or between individual and yield loss 
as seen in Table 1. When insect densities are quite high, competition reduces 
injury rates per individual. This was found for both S. avenae (Figure 1) and L. 
cerealium and S. graminum (Figure 2). Multiple pest species commonly infest 
crops simultaneously but injury equivalence values do not normally exist for 
decision support. It is important to determine the abundance and species diversity 
of pests attacking the crop and of the natural enemies present.  
For L. denticornis it was possible to show a correlation between the percentage of 
leaf sheath damaged and the thrips population in the leaf sheath (Paper II). The 
damage on the flag leaf was not always significant. The damage on the leaf sheath 
could explain the yield loss caused by L. denticornis. Severe infestation of a plant 
may result in a characteristic gooseneck shape, as shown in Figure 3 (Back of title 
page). 
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Figure 2. Yield loss in kg per thrips, tiller and ha at different thrips densities. 
Values for L. cerealium and S. graminum in wheat and oats, respectively. Injury 
per individual decreased with increasing populations. (The same experiments as in 
Table 1). 
 
 
Monitoring aphid populations for decision-making on control treatments is time-
consuming work and many authors have developed sampling plans based on the 
relationship between mean density and proportion of tillers with aphids (Rabbinge 
& Mantel, 1981; Ward et al., 1986; Feng & Nowierski, 1992; Feng, Nowierski & 
Zeng, 1993; Hein et al., 1995). In Sweden, an empirical relationship has also been 
used (Larsson, 1986). Changes in aerial populations have been studied with 
suction traps and the catches appear to be representative of the populations within 
a radius of 20-50 km around the trap as means over several days (Taylor, 1986). In 
good weather conditions they are also good estimates of the number of aphids and 
the time of infestation of the surrounding crops (Walters & Dewar, 1986). 
 
 
Intraspecific competition and interaction between species  
 
The cereal aphids are found in dense colonies at their preferred sites on the host 
plant. The aggregation in a single patch leads to intraspecific competition (Müller 
& Steiner, 1991; Chongrattanameteekul, Foster & Araya, 1991; 
Chongrattanameteekul  et al., 1991). The aggregation of insects in patches is 
probably a density-dependent population regulation factor and in aphids it induces 
dispersal, since crowding results in the proliferation of winged forms. The yield 
loss model presented in Paper I indicates important intraspecific competition at the 
higher population levels of S. avenae.  
Simultaneous occurrence of several species of aphids and thrips on crops is a 
problem when investigating crop losses. In Papers I and II, multiple linear 
22regression was used to separate the effects of the different species from each other. 
This method does not consider the interaction between species and individuals. 
Three species of aphids are common in cereals, giving rise to potential 
interspecific competition. However, these three species are separated in both time 
and space. R. padi is very early and attacks the lower parts of the stems, S. avenae 
is intermediate and attacks the ears and M. dirhodum is the latest and attacks the 
upper leaves. High early infestations of R. padi were sometimes found to change 
the infestation pattern of S. avenae. Thrips species were also found to be separated 
in time and space (Paper IV).  Figure 4 shows an overview of the temporal 
differences and population levels for the five thrips species found on rye. T. 
angusticeps and F. tenuicornis attack the foliage early in the season and at lower 
population levels per plant compared to L. cerealium, L. denticornis and H. 
aculeatus. L. denticornis attacks the leaf sheath around earing and the two species 
found in the ears, L. cerealium and H. aculeatus, are also separated in time. 
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Figure 4. Temporal differences and population levels between larval populations 
of the 5 thrips species found on rye. Thrips angusticeps and Frankliniella 
tenuicornis are found on the leaves, Limothrips denticornis in the leaf sheaths and 
Limothrips cerealium and Haplothrips aculeatus in the ears. 
 
 
Quality of grains after infestation 
 
Yield losses can be expressed as reduced yield quantity or quality at harvest. If the 
quality is negatively influenced, the price of the total yield may be decreased. On 
average, only small effects on quality were detected after treatment with S. avenae  
in winter wheat when volume weight, thousand kernel weight and protein content 
were used as quality parameters (Paper I). Germination of grains from thrips-
infected trials was investigated in the period 1983-1987. In total, 57 insecticide 
experiments with treated and untreated plots of rye, oats, wheat and barley were 
investigated. Thrips populations were mostly between 10-20 thrips per ear. No 
23significant differences were found for germination between infected (untreated) 
and uninfected (treated) plots. The untreated plots had lower germination (66%, 
compared to 87% in treated plots) only in one experiment in oats with thrips 
populations up to 128 thrips per panicle.   
Thrips-attacked grain can be susceptible to fungal infection which may lower the 
quality (Bournier & Bernaux, 1971). From next year, new EU regulations will 
limit the level of mycotoxin concentrations in grain for consumption. Therefore, 
possible relationships between thrips population levels and increased mycotoxin 
levels are of significance. Grain from untreated and insecticide-treated plots from 
four experiments in oats and ten experiments in wheat with high populations of 
thrips have been analysed for content of trichothecenes, nivalenol, deoxinivalenol 
and HT-2 toxin (Pettersson & Agnedal, 1993). Ergosterol, which is an indication 
of fungal invasion, was also analysed (Pettersson, 1992). Normal levels of 
ergosterol were found in all samples and the levels of trichothecenes were also 
low. All four experiments in oats contained deoxynivalenol but grain from the 
treated plots had levels as high as or higher than grain from the untreated plots. 
 
 
Critical weather factors and pests 
 
Overwintering can be critical if the species is on the edge of its natural range. 
Thus L. cerealium cannot stand winters with a mean monthly temperature below -
1 
oC. The species is thus limited to southern Sweden. Variation in winter 
temperature is one explanation for the wide population fluctuations determined 
between years (Figure 5). L. cerealium normally overwinters under bark and 
sometimes also goes into houses, causing trouble in automatic fire alarms 
(Anonymous, 2003a, b; Cuthbertson, 1989). It cannot survive the winter indoors 
but can probably survive outdoors on house facades. Temperatures in cities are 
higher than in the surrounding countryside and therefore the insect might survive 
winters colder than -1
oC. 
Multiple regression of the weather factors showed that day-degrees in September 
and average temperature in February explained 70% of the population variation 
for L. cerealium;  Population= -113+ 0.7 (day-degrees in September) – 6.4 
(February temp) (R
2=0.71). L. denticornis was significantly negatively correlated 
with the January-February temperatures, showing that it is a northern species that 
can have problems with wet winters. The combination of high temperatures and 
rainfall during summer was also shown to increase the infection of V. lecanii in L. 
denticornis (Paper V). 
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Figure 5. Average population of Limothrips cerealium in 4 experiments per year 
in winter wheat, 1987-1995 and average population of L denticornis  in rye and 
triticale, 1983-1993. 
 
 
In the present thesis, the influence of weather on S. avenae populations was 
analysed (Paper III). Multiple regression made it possible to construct a model 
including the critical periods for the aphids. The most important weather factors 
were found to be rain during spring of the preceding year, temperature during 
July-October of the preceding year, temperature in January-March, days with no 
wind in March-May and minimum temperatures in May. For M. dirhodum and R. 
padi, the day-degree sum in May-June, the winter temperature and the autumn 
weather have been shown to be correlated with the summer population peak 
(Larsson & Wiik, 2003). 
Turchin (2003) drew the empirical conclusion that neither monofactorial nor 
highly polyfactorial models work for calculation of population peaks. The best 
model for such a calculation seems instead to be oligofactorial. Climate usually 
accounts for less than 30% of variance in insect populations in natural habitats 
(Turchin, 2003). The weather in the model in Paper III explained 75% of the 
variation in population oscillations. One reason for the high degree of explanation 
could be that agricultural habitats are sparsely populated with natural enemies and 
the possibilities for the aphids to use the food resource without competition from 
other species are great. Price & Hunter (2005) presented a weather model for 
sawfly that accounted for 73% of population change. The more favourable the 
weather, the better the plant growth and productivity, which favours many kinds 
of insect herbivores according to the plant vigour hypothesis (Price, 1991). 
Natural enemies are likely to have a weak top-down impact on dynamics because 
plant quality is so important. Price & Hunter (2005) also found that the 
precipitation in October of the previous year influenced the population through the 
quality of the host plant. Another possible way to predict pest peak populations 
from weather might be to run several independent models, as is done in 
meteorology (Deutscher Wetterdienst, 2005), and if for example 9 model forecasts 
25of 10 indicate high populations next year, the probability of a pest outbreak is 
high.  
A model predicting aphid peak population, including the aphid peak two years 
before and only two weather factors, is shown in Figure 6. The weather factors 
together with information about earlier aphid populations, i.e. delayed density 
dependence, give a high explanation of the aphid dynamics. Population = 7.2 + 3.8 
(temperature in February) + 0.07 (day-degrees in July of preceding year) – 1.2 
(aphid peak two years before) (R
2=0.90). 
The weather changed during the period studied here and since 1990 the early 
summer and the winter have been significantly warmer. The crops were also 
influenced by the weather and early heading occurring with warm Februarys and 
warm Mays. Crop yield is correlated with a warm autumn, rain and warm weather 
in May (Larsson & Wiik, 2003). 
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Figure 6. Average population of S. avenae in winter wheat 1993-2002 and a 
weather model including delayed density dependence, through aphid peak two 
years before, together with two weather variables, i.e. the day-degree factor for 
July of the preceding year and the temperature in February. 
 
 
Normally, S. avenae move from their overwintering sites to winter wheat in the 
spring. However, early sowing and warm autumns might lead to egglaying also 
occurring in winter wheat in southern Sweden. An investigation in Scotland has 
shown that cooler weather leads to later arrival of S. avenae to the fields in the 
spring. A positive correlation was found between arrival date in the crop and the 
number of day-degrees above the developmental threshold of 5 
oC (Walters & 
Dewar 1986; Leather, 1994). In Sweden, a positive correlation has been found 
between the earliness of migration date (measured with catches in suction traps) 
and the summer peak (Sigvald, 1997). 
Many pests react drastically on the weather in critical phases of their lifecycle. 
Examples are the larvae drop to the ground in July of T. angusticeps and S. 
26graminum for overwintering in the soil. A lot of rain dominating this period leads 
to a low number of overwintering larvae and thereby the population can be low for 
several years ahead. For example, T. angusticeps, measured as unwinged adults  
per 10 sugarbeet plants in May, decreased after the wet year 1987 followed by a 
wet July in 1988 to a very low level in 1989 (Larsson, 1990). 
 
Density dependence 
 
The possibility of analysing density dependence in long time series of aphid 
populations was evaluated in Paper III. The periodic dynamics in the population 
series were proven by autocorrelation tests (ACF). The autocorrelation test was 
found to be of the phase-forgetting kind, which suggests that oscillations in the 
population are driven by endogenous dynamics (Turchin & Taylor, 1997). The 
problem is to analyse the combined effect of density-dependent and density-
independent factors. The analyses of the weather effects on the aphid population in 
Paper III gave an explanation of the whole population dynamics, including 
density-dependent effects. Models like that in Figure 6 combining both weather 
and information about former populations are more realistic. Several authors have 
also raised concerns about the validity of using time-series analysis to detect 
density dependence. One particular concern is the suggestion that exogenous 
driving variables, such as cyclic weather patterns, can lead to the spurious 
detection of density dependence in natural populations (Hunter & Price, 1998). 
Density dependence in thrips populations has been questioned (Parrella & Lewis, 
1997; Loomans & Greene, 1997; Mound, 1997) and there is a lack of examples 
from agricultural crops. The population curves in Figure 5 give no indication of 
density dependence for the two species of Limothrips studied. 
 
The farming system: Influences of nitrogen, fungicides, varieties 
and crop rotation 
 
In this thesis the aphid and thrips populations were studied during a very long 
period (Papers I-V) in which cultivars and fertilisation and plant protection 
practices changed. It is therefore important to have some information about 
changes that have taken place and that might have an impact on the aphid and 
thrips populations. 
Most investigations (Hanisch, 1980; Prew et al., 1982, 1985; Hasken & Poehling, 
1995; Duffield et al., 1997) show a positive relationship between amount of 
nitrogen applied and natural populations of M. dirhodum and S. avenae, although 
some investigations show diverging results (Zhou & Carter, 1991). Very dense 
stands of wheat can favour infection by fungi, thereby limiting aphid population 
growth (Duffield et al., 1997). Swedish experiments showed an increase of aphids 
peaks in 18 of 24 trials in winter wheat with an increase of nitrogen application 
from 100 to 140 or 180 kg N ha
-1 (Andersson et al., 1986). Fungicides had a 
certain effect on aphids and the yield increase with insecticide alone was greater 
than the yield difference between the combined treatment of fungicide and 
insecticide minus the yield for the fungicide treatment (Andersson et al., 1986). In 
barley, an increase in aphids after both increased nitrogen and application of 
27fungicides has been recorded (Larsson & Wiik, 1992). Both nitrogen and 
fungicides keep the crop green longer, which gives aphids and thrips increased 
possibilities to feed in the crop. 
Older investigations have shown that some fungicides can reduce longevity and 
reproduction of aphids but higher doses also favour the aphids (Sagenmüller, 
1977). In later investigations (Zhou & Carter, 1991), no significant effects on the 
aphid population were found with fungicides. However, fungicides can influence 
population development indirectly through inhibiting the aphid-infecting fungi 
(Zimmerman, 1976) or killing natural enemies (Poehling, 1987). 
Crop varieties change all the time and it is difficult to judge if they have any real 
effect on infestation of aphids or thrips. The late maturing variety Kosack ripened 
very late in some years of the present study and that could have influenced the 
aphids. In an investigation with new and old (before 1986) varieties of winter 
wheat and winter barley in Germany, old varieties of wheat had more aphids than 
new ones but old varieties of barley had less aphids than new varieties (Sengonca, 
Jösch & Kleinhenz, 1994). 
The infestation of thrips varied more with the different species of cereals than 
different varieties of winter wheat, triticale and rye (Paper II).  
Thrips species in the soil can be controlled by crop rotation. The brachypterous 
generation of T. angusticeps hibernates in the soil and susceptible crop like flax 
and brassicas can be protected completely from infestation by following a three-
year rotation with red clover and oats before the susceptible crop (Franssen & 
Huisman, 1958). S. graminum also hibernates in the soil and to prevent infestation 
the most important step is to not to grow oats after oats and also to keep a distance 
to the last year’s oat crop. 
 
Insecticides 
 
In this thesis, insecticides were used to control aphids and thrips (Papers I, II and 
V). In most papers about aphid and aphid damage from field experiments where 
insecticides have been used to create control plots in Europe, there is no 
information provided about the occurrence of thrips. However thrips are probably 
common in many cereal crops, as we found in Sweden, and this fact may be partly 
responsible for the large variation obtained by different workers about aphid 
damage. 
Selective aphicides have always been the first choice for aphid control since 
pirimicarb came on the market (Baranyovits, 1972; Niehoff & Poehling, 1995; 
Oakley et al., 1996). The use of pyrethroids against aphids (Carter et al. 1989b) 
and a generally reduced rate of insecticides have been proposed as a way to 
promote natural enemies (Wiles & Jepson, 1995; Longley et al., 1997). 
Insecticides used against pests always also risk killing predators and parasitoids. 
Parathion has been found to be the insecticide most toxic to predators (Basedow & 
Mielke, 1977), cypermethrin less toxic than parathion and pirimicarb the least 
toxic (Brown, Lawton & Shires, 1983). An extensive test of fenitrothion, 
pirimicarb and fenvalerate in large plots of winter wheat and barley in Alnarp, 
Sweden (Nilsson, 1985) showed that fenitrothion was the most toxic to 
polyphagous predators such as carabids and pirimicarb the least toxic. Fenvalerate 
was of intermediate toxicity but was very toxic to spiders. 
28Low doses of pyrethroids have been proposed to decrease the costs and increase 
the selectivity for natural enemies. The disadvantages of low doses can be more 
insurance applications and larger sprayed acreage. The risk for the need of new 
applications rises and also an increased risk for resistance (Larsson, 1991a). In 
Paper V, it was shown that low doses of cypermethrin increased the population of 
aphids and only combination with V. lecanii controlled the aphids. The application 
of insecticides in wheat with a wipe-on method has been promising, with rather 
good control of the aphids in the ears and with less dose used per hectare (Nilsson, 
2000).  
BYDV is transmitted by both S. avenae and R. padi in Sweden. However no 
infection occurs in the autumn as it does in other parts of Europe and no 
insecticides are needed in the autumn. In winter wheat, infections are also rare in 
summer and  insecticide spraying at heading only had an effect on the aphids in 
one case in 1990 (Paper I, III). 
Insecticides provide farmers with a relatively cheap and effective way of 
controlling aphids. In the absence of a forecasting system, the tendency is to apply 
insecticide routinely and prophylactically without regard to pest incidence. This 
leads to over-use of pesticides, threatens biological diversity and kills natural 
agents of biological control, yet the increase in yield only goes to increase existing 
large grain surpluses. While the individual user considers only the direct monetary 
costs of pesticides, the optimal strategist also adds the costs of future damage from 
resistance and suppression of natural enemies, as well as costs of environmental 
pollution (Regev, 1984).  
 
Natural enemies and pathogens 
 
Coccinellids and chrysopids can be important as predators on thrips but of special 
interest is the predatory thrips Aeolothrips spp. (Bournier, 1983). Predatory thrips 
species usually feed on small, soft-bodied insects including other thrips and aphid 
nymphs. In small fields at Alnarp, larvae or adults of Aeolothrips often were found 
on 10% of the ears. One adult can kill up to 10 thrips larvae per day (Bournier, 
1983). Three other groups of organism, mites, parasitic nematodes and anthocorid 
bugs, are now recognised as useful natural enemies against pest thrips (Mound, 
2005). 
Pathogens on thrips and aphids are well known but have not been used for 
practical control outdoors in temperate climates. In this thesis (Paper V),  it was 
shown that Verticillium lecanii (Lecanicillum spp.) is a common parasite of thrips. 
Experiments with V.  lecanii in combination with irrigation and low doses of 
insecticides aimed at controlling thrips also proved to have effects aphids.  Further 
field experiments with V. lecanii and Beauveria bassiana showed effects on field 
populations of both aphids and thrips (Hjorth, 1990). Investigations in Denmark 
(Nielsen, 1995) on L. cerealium showed natural occurrence of V. lecanii and B. 
bassiana. The percentage of the population of aphids and thrips attacked by V. 
lecanii and/or B. bassiana was less than 10%. Nielsen also found sporadic 
infections of Neozygites parvispora on L. denticornis.  
V. lecanii can be produced on sterilised wheat kernels in high amounts and further 
experiments should be carried out in large plots, applying the infected kernels on 
the soil. The results from small plots can be difficult to interpret because the 
29fungus is probably easily spread between small plots. Irrigation alone should also 
be evaluated to encourage natural infection of pathogens in the field. In some 
areas of Sweden with sandy soils (Kristianstad), it is quite common to irrigate the 
cereal fields before the irrigation starts in potatoes. 
The combined use of entomopathogenic fungi and nematodes against thrips in the 
field has also been tested with promising results (Jung, 2004). The 
entomopathogenic nematodes can also be used in colder climates and are not as 
sensitive to cold weather as V. lecanii (Paper V). 
 
 
Spatio-temporal dynamics and forecasting 
 
Migrating cereal thrips (mainly L. cerealium and L. denticornis) in July-August 
regularly become a nuisance to the public because large numbers of them land on 
exposed skin. This is traditionally linked with the occurrence of thunderstorms, so 
thrips are called thunderflies (Kirk, 2004). 
Information on the spatio-temporal distribution of pests and their natural enemies 
on arable crops is essential for any IPM strategy. In this thesis migration of cereal 
thrips between crops was investigated (Paper IV). The migration pattern for L. 
denticornis is illustrated in Figure 7. Cereal and grass-feeding thrips predominate 
in mass flights in Europe because cereal crops provide uniform breeding sites over 
large areas and all ripen more or less simultaneously. Wild grasses are also 
common and widely distributed and insects breeding in temporary habitats must 
migrate to survive (Lewis, 1973). However, the migration pattern depends on the 
thrips species, the number of generations and the acreage and phenology of the 
different winter and spring cereals. For example, the flight period depends on the 
weather and therefore creates peaks when the females move to the next crop. Four 
different crops are involved, but of the winter cereals rye and triticale are preferred 
because of their earliness. Females move from rye to triticale and the new 
generation can choose winter wheat or barley but prefers barley. The second 
generation then leaves barley in the end of July and beginning of August (Paper 
IV). 
Host species, variety and phenology are important determinants of spatial patterns 
of insect pests in agricultural systems. Agricultural systems are characterised by 
biological cycles which are usually synchronised in time and create attractive 
signals for phytophagous insect population developing outside the system (Nestel, 
Carvalho & Nemny-Lavy, 2004). The dynamic re-distribution of insects in space 
is an intrinsic characteristic of insect populations and its understanding is of 
relevance to IPM. Forecasting insect pests in space and time in heterogeneous 
landscapes requires updated knowledge of pest population levels and their position 
in the managed space and an estimate of their future population levels and the way 
the surrounding habitat may affect their levels (Nestel, Carvalho & Nemny-Lavy, 
2004).  
Host plant abundance is probably the most important factor for the thrips species 
specialised in cereals like L. denticornis. Many authors have discussed serious 
damage in rye in the early 1900s (Brummer, 1939; Jablonowski, 1927; Hukkinen, 
1934, 1942). At that time rye was the dominant crop in northern Europe. In 
30Sweden, for example, there were about 3.8 Mha cultivated land of which 23% was 
rye, i.e. about 850 000 ha compared with about 30 000 ha now (Morell, 2001). 
That should have given L. denticornis great possibilities to reach very high 
damaging population levels. 
In suction trap catches, L. cerealium and L. denticornis were found to be the 
dominating species (Paper IV) but all species from the cereals had their specific 
peaks. The migration of the overwintering Limothrips generation and the two new 
generations during summer could be detected and suction traps could be an 
instrument to follow the fluctuations of cereal thrips. 
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Figure 7. Catches of Limothrips denticornis in 10 water traps. Vertical arrows 
show time of heading of different cereals, horizontal arrows show the time when 
females are found in the sampling from the cereals. Suns show days with 
temperatures over 20 
oC and with winds less than 5 m s
-1. 
 
 
Bio-economics 
 
The subject of bio-economic theory is the optimal management of renewable 
biological resources. Initial bio-economic models use the concept of maximum 
sustainable yield, which implies a stable equilibrium. Most optimisation models in 
pest management maximise the difference between benefits and costs in the same 
year. Current pesticide management calculates neither the environmental costs like 
effect on natural enemies nor the future costs of resurgence and resistant pests. 
We need a better understanding of the trade-off between the costs and benefits of 
control. Ecologists tend to ignore economics, while economists typically have a 
simplistic understanding of ecology and pest control managers commonly 
underrate both (Stenseth et al., 2003). 
The policy could be to minimise insecticide use in cereals because we need 
insecticides in oilseed rape, potatoes and sugarbeet. A governmental tax on 
insecticides could finance applied research in entomology. The initial cost for 
applying insecticides is very low, especially if a low dose is chosen and applied 
together with a fungicide. Future costs could also arise from more applications in 
coming years because of resurgence of pests or insecticide-resistant aphids. 
31 
Conclusions and implementations for the future 
 
Figure 8 summarises a proposal of how yield losses from pests could be minimised 
in an IPM system. Field monitoring and field trials are the basis for understanding 
the impact of pests on crops. A range of studies have been carried out and a large 
amount of information is available about cereal aphids. However, the biology and 
dynamics of cereal thrips are less well understood. Much more investigations are 
needed about aphids and thrips, both concerning density dependence aspects and 
relations to natural enemies and pathogens. 
Field monitoring and trials, together with a more detailed knowledge about the 
biology and population dynamics, should make calculations of bio-economics of 
pests possible. 
 
 
 
 
 
Figure 8. Integrated pest management as a bridge over pest losses, with bio-
economics as the keystone. Modified after Pedigo (1996). 
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To study the effects of weather on pests, long-term reliable field studies of the 
populations are a necessity. In order to be able to investigate one pest in the field, 
knowledge is needed not only about that specific pest but also about other pests 
occurring in the field, in order to separate the effects of different species and to 
apply multiple economic thresholds. The farming system is continuously changing 
and so is the importance of the different pests. Other inputs, particularly fertilizers 
and fungicides, can also have a large impact on insects. The acreage occupied by 
different crops in the landscape has a great influence on the possibilities for pest 
outbreaks. Thus, continous field monitoring and trials, together with a more 
detailed knowledge about the biology and population dynamics, should make 
calculations of bio-economics of pests increasingly possible.  
To keep pests at low numbers, their natural enemies and pathogens are a 
prerequisite. Farming systems should be organised and control mechanisms such 
as irrigation used in a manner that protects the natural enemies and encourages 
pathogens. As a last resort, insecticides should be used but for more efficient use 
of insecticides, a national policy is needed. 
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